Background: Rising rates of food-induced anaphylaxis have recently been shown in the adolescent age group, following earlier descriptions of a rise in children younger than 5 years. However, few population-based studies have examined the prevalence of food allergy in adolescence using objective measures such as oral food challenge (OFC). Objective: We sought to determine the prevalence of food allergy among a population-based sample of 10-to 14-year-old adolescents using clinical evaluation including OFC to confirm the diagnosis. Methods: Schools were randomly selected from greater metropolitan Melbourne, Australia. Students aged 10 to 14 years, and their parents, were asked to complete a questionnaire regarding the adolescent's food allergy or food-related reactions. Clinic evaluation, which consisted of skin prick tests and OFC where eligible, was undertaken if students were suspected to have current food allergy from parent response. Among 9816 students assessed, 5016 had complete parent response and clinic evaluation when eligible. An additional 4800 students had student questionnaires only. Results: The prevalence of clinic-defined current food allergy based on history, sensitization data, and OFC results was 4.5% (95% CI, 3.9-5.1), with the most common food triggers being peanut, 2.7% (95% CI, 2.3-3.2), and tree nut, 2.3% (95% CI, 1.9-2.8). Among the additional group of 4800 adolescents who had only self-reported food allergy status available, the
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Although previous data on hospital anaphylaxis admission rates showed that anaphylaxis related to food allergy was most common among preschool-aged children, 1,2 more recent Australian data suggest that the increase in food anaphylaxis admission rates for older children is accelerating at a greater rate than for preschool-aged children. 3 However, despite the accelerating increase in rates of anaphylaxis, the prevalence of food allergy in this age group at the population level has not been studied to the same extent as in early childhood. [4] [5] [6] In particular, few studies have used objective tests for sensitization ( or specific IgE [sIgE] levels) and oral food challenge (OFCs) tests as the diagnostic criteria when measuring the prevalence of food allergy in older children. [7] [8] [9] We aimed to assess the population prevalence of clinicconfirmed food allergy and to investigate disease characteristics in the early adolescent age group within the SchoolNuts study.
METHODS

Study design
A school-based, cross-sectional stratified cluster sampling of primary and secondary school students in greater metropolitan Melbourne (population 3.6 million) was used to recruit a sample of 10-to 14-year-old children (from 2011 to 2014). Schools were randomly selected to reflect the variation in socioeconomic status throughout school districts, and included each of the government, Catholic, and independent school sectors. Schools were eligible for inclusion if they were less than 80 km from the central business district and had more than 20 students per year level. A list of schools was obtained from the 2010 Melbourne Street Directory, stratified by primary versus secondary schools and subdivided into government, Catholic, and independent schools. Each school within those groups was then assigned a number, and a random number generator was used by an independent statistician to select schools to approach.
At each participating school, we invited all students in years 5 and 6 (primary schools) and 7 and 8 (secondary schools) to take part. Researchers visited the schools to distribute a self-administered questionnaire to parent-consented students (student questionnaire). Their parents were also asked to complete a questionnaire (parent questionnaire). To improve the parent participation rate, modified versions of the parent questionnaires with survey questions shortened were subsequently sent by mail, email, or SMS to those who had not completed the full parent questionnaire.
Questionnaire identification of possible food allergy cases (phase 1). The student questionnaire included questions regarding the student's history of food allergy and asthma, and knowledge and attitudes toward food allergy. The parent questionnaire collected additional information on the student's history of food allergy along with family's demographic characteristics, and the allergy history of the other family members.
We selected students eligible for clinic evaluation by a 2-step process. On the basis of the assumption that parents have a better understanding about the history of the student's food allergy, we identified the students with possible current food allergy through the response to the parent questionnaire. Broad criteria were used to capture all cases of possible current food allergy, which was a positive response to either of the following questions:
1. ''Does your child currently have food allergy?'' 2. ''Has your child ever had food allergy, a food reaction, or food-related anaphylaxis?''
Or a negative response to the following question:
3. ''Has your child ever eaten the following common allergens (egg, cow's milk, sesame, fish, shellfish, soy, peanut, tree nuts)?'' to capture students who may have unrecognized food allergy.
Trained allergy research nurses then collected further information of the reaction/allergy by phone to evaluate whether current food allergy was likely, and if so, whether it was possibly IgE-mediated or not. Students were invited for clinic evaluation when the history suggested current IgE-mediated food allergy (ie, evidence of an acute allergic reaction following ingestion of a food).
Clinic evaluation (phase 2). Students with parent-reported possible food allergy from phase 1 underwent an SPT to a panel of 15 food allergens (egg white, cow's milk, soy, peanut, cashew, almond, hazelnut, walnut, pistachio, macadamia, pecan, brazil nut, pine nut, sesame, shellfish) along with a positive and a negative saline control (ALK-Abell o SA, Madrid, Spain) as well as any other reported allergens using a single tine lancet (Stallergenes, Antony, France) on the student's volar forearm. Blood samples were also collected for serum IgE level measurement.
OFC test. Students were eligible for OFC if they had a positive SPT result to a food they had a history of reaction to and currently avoiding, or they had never eaten. We considered participants with the following criteria to be highly likely to be clinically allergic to that food and did not perform the OFC. A small number of OFCs were conducted despite a negative SPT result due to equivocal history. OFC dosage protocols were consistent with those of the Australian Society of Clinical Immunology and Allergy using graded, incremental doses administered at 15-to 20-minute intervals. Criteria to define a positive OFC result were based on the standardized criteria used in the HealthNuts study with 1 modification, namely, the inclusion of strictly defined subjective persistent symptoms in the upper airways or the gastrointestinal tract 12, 13 (for details, see this article's Online Repository at www.jacionline.org).
OFCs were deemed positive if they showed 1 or more of the following reactions within 2 hours of ingestion: 3 or more concurrent noncontact urticaria persisting for at least 5 minutes, perioral or periorbital angioedema, vomiting/diarrhea, or evidence of circulatory or respiratory compromise. When the student did not show objective signs, but had the subjective symptoms of itchy mouth or throat, abdominal pain or nausea, tightness in throat, difficulty talking or difficulty breathing, continuing up to the timing of the next dose, the previous dose was repeated. If the above symptoms persisted for a total of more than 40 minutes or reoccurred on 3 doses, it was recorded as a positive reaction as per previous guidelines. 14 OFCs were deemed negative when the student had a negative result on the day of the OFC and did not report any positive reactions during home-based food introduction in the week after the OFC.
Definitions
We classified students into 2 groups depending on the availability of the parent questionnaire and completion of research nurse history. Students who had a parent questionnaire, with successful phone contact and completion of clinic evaluation when eligible, had a clinic-defined food allergy status available and were classified as the clinic group. Current clinic-defined food allergy was defined as a positive OFC or convincing recent or severe history in the context of IgE sensitization (SPT wheal size of > _3 mm or sIgE > _ 0.35), or highly sensitized (SPT wheal size of > _8 mm) (see Table I for details). Students eligible for an OFC but declined were also treated as inconclusive current food allergy cases.
We classified the remaining students, who had a student questionnaire only or parent questionnaire but without nurse contact or completion of clinic evaluation when eligible, as the questionnaire group. An affirmative response to ''Do you have current food allergy?'' to core foods was defined as self-reported current food allergy among the questionnaire group (Table II) .
We defined the core foods to which we evaluated the prevalence of allergy as cow's milk, egg, soy, wheat, peanut, tree nuts, pine nut, sesame, fish, shellfish, kiwi, banana, avocado, meats, and legumes, on the basis of the most commonly reported allergens in clinics. 15 
Ethics
Ethical approval was obtained from the Royal Children's Hospital Human Research Ethics Committee (Human Research Ethics Committee no. 31079), the Department of Education and Early Childhood, and the Catholic Education Office.
Participants' demographic characteristics
We calculated the socioeconomic status of participants by using the Index of Community Socio-educational Advantage (ICSEA) score for each school, which is generated from student-level parent occupation and education, location, and percent indigenous student enrolment developed by the Australian Curriculum, Assessment and Reporting Authority. 16 
Statistical analysis
The prevalence and 95% CIs of clinic-defined current food allergy and self-reported current food allergy were each calculated as the observed proportion among the clinic group and the questionnaire group, respectively. A sensitivity analysis was conducted to determine whether the prevalence estimates of clinic-defined current food allergy were likely to be influenced by differences in demographic factors between students with complete participation (clinic group) and students with incomplete participation (questionnaire group) or nonparticipants (students who were eligible but did not participate). Weights were used to adjust the estimated prevalence to reflect the distribution of risk factors among the combined sample of participants and nonparticipants. The weights were the inverse of the probability of participation, obtained after fitting a logistic regression model using the ICSEA score, which was available for the whole study population including nonparticipants. 17 All statistical analysis was undertaken using Stata version 14.1 (StataCorp, College Station, Tex).
RESULTS
School and student participation
Of the 229 schools contacted, 117 (51.1%) participated in the study. The proportion of participating schools in each of the government, Catholic, and independent school sectors reflected the overall distribution of school types in Victoria, with the exception of slightly fewer government primary schools. 18 There were no consistent patterns for differences in participation according to either size of the school or socioeducational advantage (see Table E1 in this article's Online Repository at www.jacionline.org). Participating government primary schools had a slightly lower median ICSEA score, which indicates less socioeducational advantage.
Among the 20,965 eligible students in the participating schools, the student questionnaire was completed by 9,663 (46.1%) students. The parent questionnaire in written, online, or SMS format was available for 5,354 students who completed the student questionnaire (55.4%) and 153 students without the student questionnaire, which resulted in parent participation for 5507 students (26.3% of the total number of eligible students). A total of 9,816 students had either a student questionnaire or a parent questionnaire available. Clinic evaluation not required *Recent reaction is defined as an IgE reaction in the past 1 y or anaphylaxis at age 10 y or later; severe reaction is anaphylaxis requiring 2 or more epinephrine administrations. n 5 5 cases in this category had SPT wheal size of <3 mm and sIgE of <0.35 but convincing objective signs at OFC. àn 5 5 cases in this category had SPT wheal size of <3 mm and sIgE of <0.35 but convincing recent or severe reaction with objective signs. §Students with an SPT wheal size of > _8 mm who had never ingested that food were considered eligible for OFC. Self-reported current food allergy Student reporting current food allergy to 1 or more core foods* Self-reported inconclusive current food allergy Student reporting ''Don't know'' or missing response to whether they have current food allergy Student reporting current food allergy but allergen not stated Self-reported no current food allergy Student reporting no current food allergy to any core food *Core foods were defined as cow's milk, egg, soy, wheat, peanut, tree nuts, pine nut, sesame, fish, shellfish, kiwi, banana, avocado, meats, and legumes.
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Fig E1 in this article's Online Repository at www.jacionline.org describes the school, student, and parent participation in the study. Among the students with a parent questionnaire, 1875 (34.0%) were eligible for further contact having responses suggesting possible current food allergy, of which we successfully contacted 1546 (82.4%). Current food allergy was considered unlikely following clinical history for 1031 (66.7%) students due to the reasons described in Fig E1. Among the 515 students (33.3%) who were eligible for clinic evaluation, 353 (68.5%) completed the evaluation. Overall, 5016 students had a parent questionnaire and completed clinic evaluation when eligible from the history provided by the parent questionnaire and phone contact (classified as the clinic group).
Students who had a parent questionnaire response suggesting possible food allergy but were not contactable (n 5 329), and those who were contacted and eligible for clinic evaluation but declined (n 5 162), were combined with the remainder of the students who only had a student questionnaire (n 5 4309) in the questionnaire group. The demographic characteristics of the whole study population and the 2 groups are presented in Table III .
The prevalence of current food allergy Fig 1 describes the overview of participation and the analysis. The prevalence of clinic-defined current food allergy was 4.5% (95% CI, 3.9-5.1). The prevalence of current food allergy for each core food is presented in Table IV , with the most common food triggers being peanut, 2.7% (95% CI, 2.3-3.2), and tree nut, 2.3% (95% CI, 1.9-2.8). Among the individual tree nuts, cashew had the highest prevalence (1.6%). Egg had the highest clinic-defined prevalence (0.5%) among the other (non-nut) foods. Further information on the numbers of students who were diagnosed with clinic-defined current allergy by each of the criteria used for diagnosing food allergy is provided in Table V . Among the additional group of 4800 adolescents who had only self-reported food allergy status available, the prevalence of self-reported current food allergy was 5.5% (95% CI, 4.9-6.2), with peanut, 2.8% (95% CI, 2.3-3.3), and tree nut, 2.3% (95% CI, 1.9-2.8), the most common. Although cashew was the most commonly self-reported tree nut allergen (0.7%), 52 students (1.1%) in the questionnaire group did not specify which tree nut they were allergic to. Milk was the most common self-reported allergen (0.9%) among the other foods.
Coexistence of peanut, tree nut, and other food allergies Fig 2 describes the number of students with multiple food allergies to peanut, any tree nut, or any other foods. Clinic-defined tree nut allergy and peanut allergy coexisted in 41.5% (56 of 135) of the peanut-allergic students. Among the students with any clinic-defined current food allergy, 7.6% (17 of 224) were allergic to all of peanut, tree nut, and another non-nut food.
Self-reported peanut and tree nut allergy was coexistent in 55.1% (70 of 127) of the peanut-allergic students in the questionnaire group, and 13.8% (35 of 253) of students with any self-reported food allergy reported multiple allergy to peanut, any tree nut, and any other food.
Details of the OFCs
We performed a total of 266 OFCs among 200 participants. Table VI describes the reactions observed in the 91 OFCs that were positive at day 1. Cardiovascular and lower respiratory tract reactions were observed in 2 (2.2%) and 22 (24.2%) OFCs, respectively, and a total of 6 (6.6%) cases received adrenaline. The challenges requiring adrenaline treatment were to peanut, cashew, pecan, and shrimp and 2 challenges to sesame. Persistent itchy mouth or tongue was the most commonly reported reaction, which was recorded in 47% of the OFCs, followed by skin reactions, which were observed in 44.0% of all OFCs.
Reweighting clinic-defined current food allergy prevalence to general population
The rate of self-reported food allergy by the student questionnaire was higher among the students in the clinic group than in the questionnaire group (7.0% vs 5.5%, data not shown). The ICSEA score had a difference in its distribution between the 2 groups (Table III) , and also showed an association with the prevalence of clinic-defined food allergy (P < .01, data not shown). Thus, the prevalence of clinic-defined food allergy was reweighted to the whole study population including nonparticipants (n 5 20,965) using the ICSEA score. This produced an estimated prevalence of 4.2% (95% CI, 3.6-4.8).
DISCUSSION
This is the first study reporting the population prevalence of clinic-defined food allergy among early adolescents in Australia, a country with high rates of food allergy. The prevalence of clinic-evaluated food allergy was 4.5% (95% CI, 3.9-5.1). Peanut and tree nuts were the major allergens among this age group, with each having a prevalence over 2%.
The strengths of this study are the large population-based data set and the thorough clinic evaluation that included OFC to confirm food allergy diagnosis. We contacted not only the students who reported current food allergy but also those who had been previously food allergic, had any reaction from food, or had never eaten specific foods (possibility of unrecognized allergy) with the goal of capturing the ''true'' prevalence of current food allergy. In addition, by evaluating a full panel of allergens including multiple tree nuts, we have been able to investigate the population prevalence of tree nut allergy, which has not previously been well described.
A previous UK study in 2002 among 11-and 15-year-old adolescents using a similar method, defining current food allergy by the presence of a positive OFC result, convincing history of previous reactions in the presence of a positive SPT result, or a physician's diagnosis, reported a prevalence of current Prevalence was calculated for each food when there were more than 5 students allergic in either group, with 95% CI for the population prevalence for peanut, tree nut (any tree nut), or other food (any core non-nut food). The total number of students with allergy to each core food is larger than the number of students with allergy to any core food because, on average, each individual had allergy to 2.8 core foods in the clinic group and 2.0 core foods in the questionnaire group (calculated by treating unspecified tree nut as 1 allergen). *Prevalence for each food or group was calculated as the proportion of the number of students with clinic-defined current allergy or self-reported allergy among the children in the clinic group and the questionnaire group, respectively, with exclusion of the students with inconclusive allergy status to each food or group from the denominator. n 5 52 students in the questionnaire group did not specify the tree nut that they were allergic to. àOther clinic-defined core food allergy was to avocado (n 5 3), and other self-reported core food allergy was to avocado (n 5 1), meats (n 5 4), and legumes (n 5 2).
food allergy to all foods as 2.3% for each age group. 7 Other population-based studies investigating the prevalence of food allergy in adolescents include a Turkish study in 2011 of 11-to 15-year-old adolescents that reported a challenge-proven prevalence of 0.15% to all foods, where the most common allergen was peanut (0.05%) and tree nuts (0.05%). 8 A Swedish study in 2010 reported the prevalence of clinic-defined food allergy to milk, egg, cod, and wheat as 1.4%, which used history of reactions and evidence of sensitization as the diagnostic criteria. 9 There are methodological differences mainly around the use of OFC and assessed foods between these previous studies and the SchoolNuts study that limit direct comparison. However, our results are in line with a systematic review reporting the prevalence of tree nut allergy to be around 2% in childhood. 19 Although there is a difference in the age group, our results are also similar to those of a statewide survey in Victoria, Australia, among children at school entry who had parent-reported peanut or tree nut allergy prevalence of approximately 3%. 20 The results are also in line with our HealthNuts study, which has shown the rate of challenge-proven food allergy to be 3.0% to peanut for 1-year-old children. 12 In addition, egg allergy contributed significantly to our previously reported prevalence of food allergy at age 1 year (10%) of which 50% had resolved by age 2 years 21 and 80% by age 4 years, 22 but in contrast only 20% of peanut allergy in the HealthNuts cohort had resolved by age 4 years. 23 Some limitations need to be considered. Schools were randomly selected with no consistent characteristic differences between participating and nonparticipating schools. Thus, *The proportion of students in each category among the total number of children with clinic-defined allergy to that food. The total number of children who had a challenge-proven allergy, not challenged but had a SPT wheal size of > _8 mm, or deemed allergic from history to any core food is greater than the number of students with any clinic-defined core food allergy, because there were students with multiple clinic-defined core food allergy by different reasons. àThe total number of students who had a challenge-proven allergy to any tree nut, not challenged but had a SPT wheal size of > _8 mm to any tree nut, or deemed allergic to any tree nut from history is greater than the number of students with any clinic-defined tree nut allergy, because there were students with multiple tree nut allergy by different reasons.
FIG 2.
Coexistence of peanut, tree nut, and other food allergies. A, Number of students with clinic-defined allergy to peanut/any tree nut/other foods (n 5 224). B, Number of students with self-reported allergy to peanut/any tree nut/other foods (n 5 253).
participating schools are likely to be broadly representative of schools in Melbourne, Australia. However, the participation rate of 46.1% among eligible students might have led to a selection bias. To address the low participation rate, we trialed an opt-out consent method for parents of secondary students among 5 non-Catholic schools (1660 eligible students), where the participation rate was significantly higher compared with the students participating in the opt-in method (opt-out vs opt-in schools: 70.2% vs 44.4%). Among the opt-out group, the prevalence of student-reported current food allergy was lower than the prevalence in the opt-in group after adjusting for age, sex, and the ICSEA score in the 2 groups (opt-out vs opt-in: 4.7% vs 6.8%), suggesting that nonallergic students were less likely to participate by the opt-in method. Therefore, we conducted a sensitivity analysis, reweighting the prevalence of clinic-defined current food allergy to the whole study population on the basis of the distribution of the ICSEA score, which decreased the estimated prevalence only slightly from 4.5% (95% CI, 3.9-5.1) to 4.2% (95% CI, 3.6-4.8).
The other limitation is the lower participation rate of parents than students, leading to evaluating half of the participating students by the student questionnaire results alone without clinic-defined food allergy status available. However, despite the slight difference between the overall clinic-defined prevalence and self-reported prevalence to any core food, the prevalence of current food allergy to both peanut and tree nuts was surprisingly similar. Peanut and tree nut allergies are most commonly IgE-mediated reactions, with a low probability of achieving tolerance, especially in older ages. 19 This may make self-reported allergy diagnosis to these foods more reliable than for other foods such as milk, where lactose intolerance is commonly mistaken as allergy, which might explain the slightly higher prevalence of milk allergy in the questionnaire group. 20, 24 In this study, open OFCs rather than double-blind placebo-controlled OFCs were used and persistent subjective symptoms were included as positive criteria. This might have led to some false-positive OFC results. To minimize this risk, we adopted strict criteria for the inclusion of subjective symptoms as a positive reaction by evaluating the persistence and recurrence of the symptom, as previously suggested.
14 Most of the positive OFCs (72%, 68 of 94) had some objective sign or respiratory reaction; among those who did not (n 5 26), more than half (n 5 14) were challenged because of no history of ingesting the challenged food with a SPT wheal size of 8 mm or more, which suggests that they were likely to have true allergy (data not shown).
In conclusion, 4% to 6% of early adolescents in Melbourne, Australia, had current food allergy to any food. Peanut and tree nut allergy accounted for the majority of food allergy in this age group. This study provides further evidence for the high prevalence of food allergy in Australia, and at least partly explains the recently identified rising rates of food-induced anaphylaxis in Australia. It also underscores the importance of future investigation into the risk factors for food allergy among this age group. Six students (1 hypotension, 5 lower respiratory tract reactions) received adrenaline for the treatment of the reaction. *n 5 3 had a positive reaction including objective signs at the subsequent home challenge and deemed positive (not included in this table) . The total number of reactions (n 5 140) is more than the number of positive OFC test results (n 5 91) because, on average, each individual had 1.6 reactions. àHives more than 3 and lasting more than 5 min, >50% generalized erythema, and perioral or periorbital angioedema were treated as positive skin reactions.
§These subjective symptoms were treated as positive reactions only when persistent for more than 40 min or when recurred on 3 doses.
OFC PROTOCOL
OFC dosage protocols were consistent with those of the Australian Society of Clinical Immunology and Allergy using graded, incremental doses administered at 15-to 20-minute intervals. 
